Abstract The present work was aimed to study the association of one carbon genetic variants, hyperhomocysteinemia and oxidative stress markers, i.e., serum nitrite, plasma malondialdehyde (MDA) and glutathione (GSH) on intimal medial thickening (IMT) in patients with type 2 diabetes mellitus (T2D). A total number of 76 subjects from ACS Medical College and Hospital, Chennai, India were included in the study, i.e., Group I (n = 42) of T2D and Group II (n = 34) of age-and sex matched healthy controls. The glycated haemoglobin was measured by ionexchange resin method; plasma homocysteine by Enzyme Linked Immunosorbant Assay method; serum nitrite (nitric oxide, NO), plasma MDA and GSH by spectrophotometric methods; the IMT by high frequency ultrasound. The polymorphisms of one carbon genetic variants were genotyped using polymerase chain reaction-restriction fragment length polymorphism and amplified fragment length polymorphism methods. Results indicate that methyltetrahydrofolate homocysteine methyl transferase (MTR) A2756G allele was found to be protective in T2D and the other variants were not significantly associated with T2D. Glutamate carboxypeptidase II (GCP II) C1561T (r = 0.34; p = 0.05) and methylene tetrahydrofolate reductase (MTHFR) C677T (r = 0.35; 0.04) showed positive correlation with plasma homocysteine in T2D cases. In this study, MTR A2756G allele was found to be protective in T2D; GCP II C1561T and MTHFR C677T showed positive association with plasma homocysteine in T2D cases. Among all the genetic variants, MTR A2756G was found influence IMT. RFC 1 G80A and TYMS 5 0 -UTR 2R3R showed synergistically interact with MTR A2756G in influencing increase in IMT.
Introduction
Cardiovascular complications are the leading cause of death among the diabetic patients. Individuals with prediabetes, undiagnosed T2D and long-lasting T2D are at high risk of all complications of macrovascular disease, coronary heart disease, stroke and peripheral vascular disease. More than 70 % of patients with T2D die of cardiovascular causes [1] . The assessment of intimal medial thickening (IMT) of common carotid artery is important for evaluating the atherosclerotic risk in people with diabetes and can further be used to facilitate better use of various treatment strategies. Several studies including our own study, have shown that along with hyperglycemia, other metabolic factors associated with diabetes that are known to increase cardiovascular risk, including obesity, insulin resistance, hypertension, hyperlipidemia and increased inflammatory state may contribute to progression of IMT in subjects with diabetes [2] [3] [4] [5] . In our recent study, we found that IMT was significantly increased in T2D patients, as compared with non-diabetic healthy controls [5] . Also, IMT increased with the increase in the age of T2D patients, however, no significant increase was observed in healthy subjects. It was supported by a study in which the influence of age was found in patients with various cardiovascularrisk factors, including diabetes [6] .
Functional polymorphisms in genes regulating one-carbon metabolism and deficiency of micronutrients such as folate, B 12 , B 6 etc., perturbate one-carbon metabolism. Hence, they are associated with elevated plasma homocysteine (HCY) levels and decreased functional folate, s-adenosyl methionine (SAM) and glutathione (GSH) [7] . Elevated HCY acts as pro-oxidant and found to generate free radicals by auto-oxidation, inducing lipid peroxidation [8] , causes endothelial cell damage and also perturbing hemostasis [9] . Decreased levels of folate are known to be associated with defective synthesis of purines and uracil misincorporation in DNA [10] . Decreased SAM with increased S-adenosylhomocysteine (SAH) blocks methyltransferases, further leading to decreased cellular methylation [11] and is associated with altered gene expression i.e., up regulation of monocyte chemo attractant protein-1 (MCP-I) [12] , platelet derived growth factor (PDGF) [13] , down regulation of SOD [14] . All the above events are likely to trigger the cascade of events leading to atherosclerosis and arterial thrombosis. Several SNPs were reported in genes regulating the one-carbon metabolic pathway such as glutamate carboxypeptidase II (GCPII C1561T), reduced folate carrier 1 (RFC G80A), serine hydroxyl methyl transferase 1 (cSHMT C1420T), thymidylate synthase (TYMS 5 0 -UTR) 28 bp tandem repeat, methylenetetrahydrofolatereductase (MTHFR C677T) and 5-methyltetrahydrofolate homocysteine S-methyl transferase (MTR A2756G) interfere with the uptake of folate, folate carrier, DNA synthesis, synthesis of methyltetrahydrofolate, remethylation of HCY and reductive methylation of cobalamin, whereas the presence of 2R allele of functional polymorphism in TYMS, i.e., 28 bp tandem repeat in 5 0 -UTR (transcription enhancer element) was found to affect transcription process compared to 3R allele and might modulate folate flux.Among the different polymorphisms of one-carbon metabolism, GCPII C1561T [15] ; MTHFR C677T [16] , and MTR A2756G are studied extensively in CAD cases [17] . MTHFR C677T was observed to be associated with independent risk for CAD in the subjects with low folate status [18] . In view of limited data available on different polymorphisms of one-carbon metabolism in relation IMT in T2D, this study was conducted to elucidate the role of majority of functional polymorphisms regulating one-carbon metabolism in relation to IMT in T2D patients and controls in order to explore the possible association between one carbon genetic variants, oxidative stress and IMT.
Materials and Methods
A total number of 76 subjects from ACS Medical College & Hospital, Chennai were included for the study, i.e., Group I (n = 42) of T2D and Group II (n = 34) of ageand sex matched healthy controls. The T2D patients with fasting blood glucose of C126 mg/dL and glycated haemoglobin (HbA1c) of 7.0-10.0 % were included in the study. The T2D patients with the history of alcohol consumption, smoking, hypertension, cancer, cardiac, liver and kidney diseases, and women with oral contraceptives or on hormone replacement therapy were excluded from the study. The ethical clearance was obtained from the Institutional Ethics Committee of ACS Medical College and Hospital, Chennai. The informed consent was obtained from all the subjects before the enrolment in the study. The blood pressure, body mass index (BMI), family history, medical history was recorded. The blood samples in fasting state were collected from all the subjects for biochemical analysis.
Biochemical Analysis
The fasting blood glucose was measured by Statfax semiautomated analyser using the kit supplied by Bayer Diagnostics. HbA1c was estimated by ion-exchange resin method using the kit supplied by Diatek. The plasma homocysteine was determined by commercially available ELISA Kit supplied by Dialab. Serum nitrite (NO), plasma MDA and GSH levels were determined by the spectrophotometric method [19] .
Intimal Medial Thickness (IMT) Measurement
The IMT of carotid arteries was determined by using high frequency linear ultrasound as the distance from the leading edge of first ecogenic line, which represents the lumen intimal interface and to second ecogenic line, which represents the collagen containing upper layer of the intimal adventitia [20] .
Extraction of Genomic DNA Whole blood samples were collected from all the subjects in EDTA vacutainers. Genomic DNA was isolated using standard DNA extraction method [21] . To check the quantity and quality of the extracted genomic DNA, DNA was diluted 1:200 (5 ll of DNA in 1 ml) in TE buffer and incubated at 65°C for 45 min. Absorbance was taken at 260 nm and 280 nm. DNA free from contaminant protein/ phenol/RNA showed an A260/A280 ratio 1.8. 50 ng/ll of double-stranded DNA gives an optical density of 1.00.
Analysis of Single Nucleotide Polymorphisms
From the extracted DNA, the analysis of SNPs in genes of one carbon metabolism such as GCPII C1561T, RFC1 G80A, MTHFR C677T and MTR A2756G genetic polymorphisms were studied by restriction fragment length polymorphism approach. TYMS 5 0 -UTR 28 bp tandem repeat (2R3R) polymorphism was studied by amplified fragment length polymorphism technique as shown in Table 1 [22] .
Statistical Analysis
Unpaired Student's t test and Fisher's exact test were performed on continuous and categorical variables respectively. Student t test was used for studying the statistical significant differences in the continuous variables between two groups. The possibility of genotyping errors was confirmed by applying Hardy-Weinberg equilibrium. Fisher exact test was used for the analysis of contingency tables to obtain crude odds ratio (OR) and 95 % confidence interval (CI) by plotting 2 9 2 contingency tables based on the presence or absence of the variable in cases and controls. Independent genetic effects were evaluated by controlling for confounding factors using multivariate logistic regression. Analysis of variance (ANOVA) was used to study the relationship between the categorical variables and continuous variables. For all other statistical analysis, www.statpages.org was used. A ''p'' value of \0.05 was considered statistically significant. Multifactor dimensionality reduction (MDR) Analysis (version: 2.0, beta 6) was used to explore gene-gene interactions. For this analysis, genotype data were computed as 0, 1 and 2 based on number of variant alleles; and biochemical values as 0 and 1 based on normal and higher levels in blood was considered. All the predictor variables were labeled as X1, X2, X3, X4,…….. and disease outcome was labeled as Class.
Results
The distributions of all the polymorphisms were in accordance with Hardy-Weinberg equilibrium in cases as well as controls (p [ 0.17). The allele frequency distribution of onecarbon genetic variants in T2D cases and healthy controls were as follows: GCP II C1561T (4 vs. 5 %), RFC G80A (36 vs. 30 %), cSHMT C1420T (56 vs. 63 %), TYMS 2R 3R (36 vs. 39 %), MTHFR C677T (13 vs. 13 %) and MTR A2756G (30 vs. 47 %). Among the six genetic variants MTR A2756G allele was found to have protective role in T2D (OR 0.35; 95 % CI 0.14-0.86), whereas the other variants were not significantly associated with T2D (Table 2) . Table 3 ). The IMT was negatively correlated with RFC I G80A (r = 0.63; p = 0.05) in healthy controls (Table 4) .
The functional relevance of MTR A2756G genotypes AA, AG and GG with IMT in T2D patients and controls is shown in Fig. 1 . GG (mean ± SD 0.92 ± 0.06 mm) showed insignificant increase in IMT than the genotypes AA (mean ± SD 0.90 ± 0.1 mm) and AG (mean ± SD 0.91 ± 0.04 mm). The IMT values (mean ± SD) in the genotypes of controls are as follows: AA:0.74 ± 0.02; AG:0.75 ± 0.03 mm and GG:0.73 ± 0.06 mm respectively.
The functional relevance of MTR A2756G, RFC 1 G80A, TYMS 5 0 -UTR genotype with IMT in T2D patients is shown in Fig. 2 The MDR analysis indicated the following gene-gene interactions: out of the polymorphisms tested, MTR A2756G was found to influence IMT. The RFC 1 G80A and TYMS 5 0 -UTR 2R3R were observed to act synergistically with MTR A2756G in influencing IMT. cSHMT C1420T had weak modulatory effect on other genetic variants in determining IMT
Discussion
The measurement of carotid IMT is an excellent noninvasive technique to assess early cardiovascular risk and is also used to examine the stages of atherosclerosis [23] . In the current study, the association of one carbon metabolic genetic variants and oxidative stress markers on IMT in T2D was investigated. Among the six genetic variants of one carbon metabolism, MTR A2756G allele was found to play a protective role in T2D. One-carbon genetic variants such as GCPII C1561T and MTHFR C677T were found be risk factors for CAD, whereas cSHMT C1420T and TYMS 5 0 -UTR 28 bp tandem repeat were found to confer protection against CAD [24] . In another study from our group, it was reported that the polymorphisms, i.e., cSHMT C1420T, TYMS 28 bp tandem repeat were associated with reduced risk for CAD [19] . MTHFR 677 TT-genotype was demonstrated to be a risk factor for CAD [25] , and in another study it was observed that MTHFR polymorphism (TT and CT genotypes together) in females was associated with CAD [26] . In contrast, there was no association of MTR A2756G polymorphism with CAD risk was reported [27] . In our recent study in CAD cases, increased oxidative stress was observed in subjects with cSHMT C1420T and TYMS 5 0 UTR 28 bp tandem repeat polymorphisms. In the same study, it was observed that GCP II C1561T, MTHFR C677T and MTRR A66G polymorphisms showed a positive association with plasma homocysteine, whereas inverse relationship with cSHMT C1420T was demonstrated [19] . In the current study, GCP II C1561T and MTHFR C677T showed positive association with plasma homocysteine in T2D cases. Studies have shown hyperhomocysteinemia as a significant risk factor for CAD among the Indians [25, 28] . In contrary, other studies showed the lack of such association [29, 30] . The elevated plasma homocysteine levels were found to be associated with reduced activity of dimethyl arginine dimethyl aminohydrolase (DDAH), thus increasing asymmetric dimethylarginine which in turn reduces the bioavailability of NO [31] . The low levels 5-MTHF (due to MTHFR C677T) and reduced levels of NO may alter the endothelium dependent vasomotor response [32] .
In the current study, the association between the oxidative stress and variant alleles of GCPII C1561T, RFC I G80A and cSHMT C1420T indicate that the GCP II C1561T polymorphism showed positive correlation with MDA; RFC I G80A and cSHMT C1420T showed positive correlation with GSH in T2D patients. The increased oxidative stress in subjects with GCPII 1561T variant might be mediated through the elevated homocysteine levels as observed in the current study. These findings are in agreement with other studies in demonstrating increased oxidative stress in CAD cases [19, 33] .
In our recent study, we observed the decreased levels of NO in T2D subjects [5] . This may be due to the presence of eNOS G894T variant in T2D subjects (unpublished data). Studies have provided evidence for reduced NO bioavailability and impaired endothelial function in diabetes subjects, probably due to polymorphisms in the eNOS gene [34] . Several studies have shown that the reduced bioavailability of NO in subjects with hyperhomocysteinemia, [35, 36] . Decreased bioavailability of NO may result in endothelial dysfunction by increasing IMT. In the current study, all the variant of one carbon metabolism did not show significant association with NO in T2D subjects. In one study, it was reported that eNOS Glu298Asp polymorphism as a genetic susceptibility factor for hyperinsulinemia, insulin resistance and T2D [37] . Evidence suggests that Glu298Asp polymorphism may be associated with CAD in the presence of other risk factors [38] .
The one-carbon metabolism provides a variety of metabolic intermediates, which react either with pro-oxidants or promote antioxidant defence. 5-methyl tetrahydrofolate (5-MTHF), a product of MTHFR catalysis, is found to be effective scavenger of superoxide with capability to restore NO availability by preventing oxidation of BH 4 to BH 2 [39] . The epidemiologic studies support a positive association between the plasma homocysteine concentrations and CAD risk. Hyperhomocysteinemia resulting from aberrations in one-carbon metabolism was demonstrated to increase superoxide anion production by multiple mechanisms [40] , includes: (i) inhibition of the activity of cellular antioxidant enzymes such as cellular glutathione peroxidase or hemeoxygenase-1, (ii) homocysteine autooxidation, (iii) NOS-dependent generation of superoxide anion (O 2 -• ) via uncoupling of eNOS, (iv) decrease of extracellular superoxide dismutase activity and (v) by phosphorylation at p47 phox and p67 phox subunits of NADPH oxidase, thereby stimulating superoxide generation [39] . A study found that plasma homocysteine concentration and SNPs in the enzyme MTHFR were not significantly associated with carotid IMT [33] . The most crucial end-product of this pathway i.e., SAM, a universal methyl donor, modulates oxidative stress by potentiating SOD and GST activity and restoring GSH [11] . Decreased SAM with subsequent increase in SAH blocks the methyltransferases resulting in decreased cellular methylation, which in turn is associated with altered gene expression i.e., up regulation of MCP-1 [13] , PDGF [14] and down regulation of SOD [41] . Further, long term depletion of folate/methyl from the diet was shown to decrease reduced/oxidized GSH ratio, alter activity of Mn-SOD, catalase and glutathione peroxidase and induce irreparable oxidative DNA damage [18] . These evidences indicate the possible association between the aberrations of one-carbon metabolism and oxidative stress, which may contribute for increased IMT in T2D subjects.
The limitation of the current study is its sample size. Future studies on different ethnic groups and populations with large sample size warrant further investigation.
Conclusion
In this study, MTR A2756G allele was found to be protective in T2D; GCP II C1561T and MTHFR C677T showed positive association with plasma homocysteine in T2D cases. GCP II C1561T showed positive association with MDA; RFC I G80A and cSHMT C1420T showed positive correlation with GSH in T2D patients. The increased oxidative stress in subjects with GCPII 1561T variant might be mediated through elevated homocysteine levels. Among all genetic variants, MTR A2756G was found influence IMT. RFC 1 G80A and TYMS 5 0 -UTR 2R3R were found to act synergistically with MTR A2756G in influencing IMT in T2D subjects.
